Turbulence measurements in the boundary layer of a double model are made by a hot film probe. Turbulence intensity, turbulent kinetic energy, Reynolds shear stress, turbulent energy production and kinematic eddy viscosity obtained from three turbulence components are investigated.
Introduction
Boundary layer properties over a hull surface have been able to compute according to the development of theory on a three-dimensional turbulent boundary layer, so that the theory has been utilized to improve ship-hull.
However, when the boundary layer is markedly thick, arising a separation and including a longitudinal vortex on the ship-stern hull surface it is still difficult to calculate the flow field. The investigation of such a complex boundary layer is actually obliged to depend on the results of more detailed experiments.
So in recent years turbulence measurements were made mainly in wind tunnels because of easiness of the experiments. Fukuda and Fujii1) measured the turbulence intensity, Reynolds shear stress and kinematic eddy viscosity in the ship-stern boundary layer of a double model, by using a hot wire probe in a wind tunnel. They clarified that with increasing boundary-layer thickness the value of kinematic eddy viscosity became more less than that in a thin boundary layer and the turbulence distribution across the layer was markedly influenced due to the bilge vortex. Further they compared with both the distributions of the shear stresses and turbulent kinetic energies of two kinds of models which one was a ordinary tanker model and the other had a hull prolonged the parallel part of the same model.2) Reynolds shear stress on the rear part of a tanker model was deduced by Ikehata et al. 3 ) from some turbulence model. But they showed that there was large difference between such a deduced stress and the stress measured in a towing tank.
Thus, from the experimental results the turbulences in the ship-stern boundary layer were examined and tried to apply them to turbulence model. But it is supposed that the data of turbulences around a ship are few yet to understand its turbulence field and the modeling of turbulences basing on the data is not easy. Present anthors4) measured the turbulences in the boundary layer and wake in submerged condition of the double model of a slender ship, Wigley model.
Then the distributions throughout the layer and wake of turbulence intensity, Reynolds stress, kinematic eddy viscosity and mixing length were shown.
Ships are running on a free water surface making waves, so that the waves must affect some influence on the turbulences in the boundary layer and wake.
The influence of the free surface on the turbulence in the wake of a tanker double model was investigated by the present authors,5) the model being the same in the present experiment. Furthermore, it was shown how the turbulence in the ship-stern boundary layer was influenced near the free surface.6) The amount of I data about ships has been increased somewhat, but it is not enough to account convincingly for the typical tendency seen in the ploted data.
Lofdahl and Larsson7) made the turbulence measurements along few streamlines on a ship-stern hull surface. They explained experimentaly the influence of streamline con- the wall at L 1/2 and L 1/4 are regarded as the same reason. Lofdahl and Larsson7) described that streamline convergence decreased normal stress u2 and divergence increased it. In this case surface potential flow streamlines at all positions are converging as seen in Fig. 2 , so it is considered that the convergence influences the turbulence intensities to be more weak. At the Across separation, three peak values of the distributions are nearly same, but the location of each peak at A 1, A 3/4 and A 1/2 moves gradually away from the wall in the order of them. At the Separation, the peak values at three positions become a little higher in the order from S 1 to S 1/2. Roger et al. 15) showed about turbulent kinetic energy that the ratio of the energy to its maximum, u2/u2max, gives a similarity in the distribution on threedimensional separation line. In this case of the turbulence intensity such a similarity can be seen. At the Bilge, the intensities at three positions increase toward the wall. For this increase it is deduced that the boundary layer is thin and the wall shear stress is large there. At the Free surface, the values in the inner half regions at both positions are a little larger than those in the 2) Reynolds shear stresses -uw are negative near the walls at L 1, L 1/2 and L 1/4 where the normal velocities toward the wall, W, are large.
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